Introduction
For many years, Antarctica was a region that remained isolated from human contact. In recent years, the human presence has notably increased and as a consequence, the danger of introduction of microorganisms to the Antarctic fauna. One of these microorganisms could be Salmonella enterica, owing to its extensive distribution around the world, that could lead to the introduction through humans, as well as by carrier animals.
The introduction of diseases that can affect the Antarctic fauna has been recognized since the beginning of the Antarctic Treaty and was established as a matter of concern at the first meeting of the Biology Working Group of the Scientific Committee for Antarctic Research (SCAR) in 1962 (Murray 1964) . Practical measures to diminish the risk to Antarctic wildlife of the introduction and spread of infectious diseasecausing agents by human activity have been proposed (Scientific Committee Antarctic Research-SCAR 2001) .
There is little information about endemic and exotic diseases that can affect the Antarctic fauna (Leotta et al. 2006a; Nievas et al. 2007) . Birds are known to be S. enterica carriers (Fenlon 1981; Monaghan et al. 1985; Hatch 1996; Palmgren et al. 1997) as well as seals (Gilmartin et al. 1979 ; Thornton et al. 1998; Smith et al. 2002; Fenwick et al. 2004) . Antarctic birds and seals have exhibited symptoms of a variety of infectious diseases, indicating that they are susceptible to a range of pathogens (SCAR 2001; Leotta et al. 2006a; Nievas et al. 2007 ).
The Hope Bay area, located at the tip of the Antarctic Peninsula, encompasses Hope Base, the northernmost continental Antarctic Station (63°24 0 S, 56°59 0 W). During spring and summer seasons, Adelie penguins (Pygoscelis adeliae), gentoo penguins (Pygoscelis papua), kelp gulls (Larus dominicanus), brown skuas (Stercorarius Antarctica lonnbergi), snowy sheathbills (Chionis albus), Antarctic terns (Sterna vittata), and Wilson's storm petrels (Oceanites oceanicus) breed in Hope Bay (Leotta et al. 2006a ). In the Potter Peninsula, King George Island, and South Shetland Islands (62°15 0 , 58°36 0 W) during spring and summer seasons, Adelie penguins, gentoo penguins, chinstrap penguins (Pygoscelis antartica), kelp gulls, brown skuas, south polar skuas, southern giant petrels (Macronectes giganteus), snowy sheathbills, cape petrel (Daption capense), Antarctic terns, black-bellied storm petrel (Fregetta tropica), Wilson's storm petrels, and imperial cormorant (Phalacrocorax atriceps) breed into the area (Hahn et al. 1998 ). In addition, in both areas, there are occasional findings of settlement of Antarctic fur seals (Arctocephalus gazella), crabeater seals (Lobodon carcinophagus), leopard seals (Hidrurga leptonix), Weddell seals (Leptonychotes weddelli), and southern elephant seals (Mirounga leonina). In Potter Peninsula, a reproductive colony of southern elephant seals is settled.
The aims of this work were to determine the presence of S. enterica in Antarctic seabirds and sea mammals, to characterize the isolates identified, and to determine the genetic relation of Antarctic S. enterica isolates among them and compare with isolates of human, animal, and food sources recovered in Argentina.
Methods
During 2000 and 2002 breeding seasons in Potter Peninsula, and during 2001 and 2003 breeding seasons in Hope Bay, samples from seabirds and sea mammals were collected. Breeding areas from skuas, kelp gulls, south giant petrels, Adelie penguins, gentoo penguins, chinstrap penguins, and snowy sheathbills were identified. The population census by Hahn et al. (1998) and Leotta et al. (2006a) were considered for sampling. In addition, occasionally settling Antarctic fur seals and Weddell seals were sampled. A total of 1,739 fecal samples from Antarctic animals were collected and analyzed for S. enterica isolation. The animals sampled during the four campaigns are showed in Table 1 . A non-probabilistic sampling by convenience was carried out among all animals that were kept momentarily apart for different biological studies.
A total of 1,663 seabirds were captured, clinically evaluated by experienced veterinarians and sampled by cloacal swabs, which were kept in Stuart transport media (Difco Laboratories Incorporated, Cambridge, UK). In addition, 76 Antarctic fur seals and Weddell seals were observed but not captured, and immediately after defecation an aliquot of fresh feces was collected in sterile bags (Nasco's Whirl-pak, Network International Technologies, Buenos Aires, Argentina). All samples were processed between 1 and 4 h after collection. Samples were inoculated in selenite broth (Becton-Dickinson and Company Spark, Baltimore, USA) and incubated for 24 h at 37°C (enrichment). A loopful of enrichment broth was transferred to enteric Hektoen agar (Becton-Dickinson) and incubated for 24-48 h at 37°C. Two presumptive Salmonella colonies were streaked in trypticase soy agar (Becton-Dickinson), incubated for 24 h at 37°C and were subsequently confirmed by biochemical conventional assays (Koneman et al. 1999) . Isolates identified as S. enterica were serotyped by agglutination according to M. Poppofs scheme (Poppof et al. 1990) (CDC 2004) . Briefly, the agarose plugs containing DNA were digested overnight with 30U of XbaI (Promega, Madison, Wisconsin, USA). DNA fragments were separated in 1% agarose gels (Seakem Gold, Lonza, Rockeland, ME, USA) in 0.5% tris-borate-EDTA buffer at 14°C in a contour CHEF DR III System (Bio-Rad, Hercules, California, USA). Run time was 22 h, with a constant voltage of 200 V, using linear ramp of 2.2-54.2 s. Staining was carried out with 0.5 ug/ml of aqueous ethidium bromide solution (Bio-Rad). The DNA of selected Antarctic isolates showing identical PFGE profiles with XbaI were also digested with 30U of BlnI (Promega). PulseNet standard strain S. Braenderup CDC-H-9812 was included as fragment size marker to analyze the patterns generated with XbaI and BlnI. Random Amplified Polymorphic DNA (RAPD-PCR) was carried out essentially as described by Pacheco et al. (1996) . From a pure bacterial culture grown in trypticase soy agar (Laboratorios Britania), 3-4 colonies were inoculated in 3 ml of trypticase soy broth (Laboratorios Britania), incubated at 37°C for 24 h. Then, optical density (OD) of the cell suspension was adjusted to 0.4 at 600 nm of wavelength. Bacterial suspensions were boiled for 10 m, cooled and centrifuged for 20 s at 10,000 rpm. Supernatants were used as DNA templates. The electrophoresis was carried out in a 2% agarose gel (Bio-Rad) in 19 tris acetic EDTA, applying 70 V during 95 m. The molecular weight marker was 1-kb DNA ladder (Promega). Gel staining was carried out with 0.5 ug/ml of aqueous ethidium bromide solution (Bio-Rad).
The images of PFGE and RAPD-PCR fingerprints were obtained by Gel-doc system (Bio-Rad) and were analyzed using BioNumerics software version 3.5 (Applied Maths, Kortrijk, Belgium). The relationship among the patterns was estimated by the proportions of shared bands applying the DICE coefficient with a 1.5% band position tolerance, and a dendrogram based on the Unweight Pair Group Method with Arithmetic Averages (UPGMA) method was generated.
Salmonella enterica isolated from Antarctica were compared with isolates circulating in Argentina, 18 S. Newport and 19 S. Enteritidis isolates selected from the culture collection of Servicio Enterobacterias, Departamento Bacteriología, INEI-ANLIS ''Dr. Carlos G. Malbrán'' and Laboratorio de Diagnóstico e Investigaciones Bacteriológi-cas, Facultad de Ciencias Veterinarias, Universidad Nacional de La Plata. The isolates from Argentina were recovered in different regions of the country from human, animal, and food sources during the same or a close time period of Antarctic samplings. A total of 56 isolates were analyzed, including 25 S. Newport and 31 S. Enteriridis strains.
Results
Nineteen S. enterica isolates were recovered during 2000-2003 period: eleven were identified as S. Enteritidis and eight as S. Newport. In summer 2000 in Potter Peninsula, seven S. Newport and one S. Enteritidis were isolated from southern giant petrels (8.9%). In summer 2003, in Hope Bay, eleven S. Enteritidis were isolated from two Adelie penguins (1.5%), two skuas (5.5%), three kelp gulls (5.4%), and four Weddell seals (5.6%). The animals sampled in summer 2001 in Hope Bay and in summer 2002 in Potter Peninsula were negative for Salmonella spp. Tables 1 and 2 show seabirds and sea mammals sampled, the number of samples processed, S. enterica serovars identified, places and years of sampling.
All the Antarctic S. Enteritidis and S. Newport isolates analyzed were susceptible to all the antimicrobial agents tested.
All Antarctic S. Newport isolates showed the same PFGE profile with the restriction enzyme XbaI. This profile included 13 DNA fragments with molecular weight between 20.5 and 1,100 Kb. Comparing the Antarctic S. Newport XbaI-PFGE pattern with S. Newport XbaI-PFGE patterns from Argentina, between 2 and 7 different bands were found (Fig. 1) . Likewise, all Antarctic S. Enteritidis isolates showed the same PFGE profile with the restriction enzyme XbaI. This profile comprised 12 DNA fragments with molecular weight between 20.5 and 1,000 Kb. The Antarctic S. Enteritidis XbaI-PFGE pattern showed between 3 and 7 different bands, compared to S. Enteritidis XbaI-PFGE patterns from Argentina (Fig. 2) . To confirm that the Antarctic isolates showed identical genetic profiles, PFGE using BlnI restriction enzyme and RAPD-PCR were performed. Both S. Enteritidis and S. Newport showed the same profile by BlnI-PFGE within each serovar (data not showed). Both, S. Enteritidis and S. Newport showed the same profile by RAPD-PCR within each serovar with 7 and 6 DNA fragments, respectively (Fig. 3) .
Discussion
Antarctica is the last continent to receive some considerations to limit the human activity and avoid introducing pathogen microorganisms to Antarctic animals. There are no measures planned to limit the dissemination of diseases in case of infectious outbreaks. Furthermore, there is evidence that introduced diseases can cause the declination of autochthonous population. One example frequently cited is the effect caused by the introduction of avian smallpox and avian malaria in Hawaiian birds (Warner 1968; Van Riper et al. 1986 ).
Several studies have been carried out in the Antarctic fauna with the purpose of assessing S. enterica presence. Between 1957 and 1996 in the Antarctic region, samples were taken from different animals, penguin species, skuas, seals, and the following serovars of Salmonella enterica were identified, S. blockey, S. johannesburg, S. typhimurium, S. panama, and S. infantis (Soucek and Mushin 1970; Oelke and Steiniger 1973; Sieburth 1979) . In 1995-1996, S. Enteritidis was isolated from gentoo penguins at Bird Island, South Georgia, and sub-Antarctica (Olsen et al. 1996) . In addition, in sub-Antarctica S. havana, S. Enteritidis, and S. Newport were isolated from gentoo penguins, black-browed albatrosses (Diodema melanophrys), and Antarctic fur seals (Palmgren et al. 2000) . In the present study, S. Newport was isolated from southern giant petrels, and S. Enteritidis was isolated from Adelie penguins, skuas, kelp gulls, and Weddell seals. This is the first time that S. enterica was isolated from southern giant petrel, kelp gulls, and Weddell seals in the Antarctic region. In conclusion, very few S. enterica serovars appear to be circulating in the Antarctic area. If the bacterium is endemic in the region or was recently introduced is a question without answer yet. S. Newport and S. Enteritidis are human pathogens, especially the latter serovar that is one of the most common causes of human salmonellosis (Rodrigue et al. 1990 ; Le Bacq et al. 1994) . S. Newport was reported to cause disease in captive penguins (Cockburn 1947) . Also, it is commonly isolated from seals without signs of salmonellosis and from ill animals (Gilmartin et al. 1979; Baker et al. 1995) , and it is endemic in pinnipeds according to studies performed in the sub-Antarctic region and other places (Fenwick et al. 2004) . None of the animals sampled in this study showed clinical signs of salmonellosis, so apparently, the studied Antarctic animals would be the healthy carriers. One of the most possible routes of introduction of S. enterica to Antarctica is by migratory birds (Olsen et al. 1996) . Many of Antarctic birds have long routes of migration, and along their routes, they pass over waste disposal tips, polluted rivers and lakes, and fields manured with feces; therefore, in these places, they could acquire the microorganism. Unfortunately, neither in this study nor in other previous investigations performed in the Antarctic region was it possible to determine the source of the bacterium.
In recent years, studies on antimicrobial resistance of S. enterica from different sources (human, animal, feed and environment) were carried out, and owing to the antimicrobial misuse and abuse, S. enterica resistant strains are being frequently found around the world (Levy et al. 1988; Poppe et al. 2001; Molla et al. 2006) . All Antarctic isolates from this study were susceptible to all the antimicrobial agents tested. This would indicate that Antarctic isolates were not exposed to antimicrobial selection pressure and neither acquired resistance from other microorganisms circulating in the Antarctic ecosystem.
There is scarce knowledge about S. enterica epidemiology in Antarctic animals. To define control strategies, it is essential to know about the biological cycle of infectious agents. For that, it is necessary to investigate the reservoirs and transmission ways, as well as the ecological conditions that allow the pathogen's survival. In addition, very few studies including the analysis of Salmonella enterica using molecular epidemiology were carried out in Antarctica. In the present study, S. Newport was only isolated from southern giant petrels in summer 2000 in Potter Peninsula, and all isolates showed an identical genomic profile by PFGE and RAPD-PCR. Therefore, the infections were caused by the same S. Newport subtype. Unfortunately, we could not determine whether the pathogen was transmitted from bird to bird or was acquired from exposure to the same infection source. S. Enteritidis was isolated from one southern giant petrel in summer 2000 in Potter Peninsula, and in summer 2003 in Hope Bay, the pathogen was isolated from three different bird species and from Weddell seals; all the isolates showed an identical genomic profile by PFGE and RAPD-PCR. Therefore, the infection was caused by the same S. Enteritidis subtype. Unfortunately, we could not determine whether the pathogen persisted in Antarctic animals or in the Antarctic environment.
Comparing the results obtained by PFGE of Antarctic S. Newport and S. Enteritidis within each serovar with the isolates from Argentina, we concluded that there is no relationship among them.
There are few reports of molecular epidemiology carried out with bacteria isolated from Antarctica: Pasteurella multocida subspecies gallicida type A:1 isolates were associated with two avian cholera outbreaks occurred with a difference of 1 year, and all strains showed identical genomic profiles by PFGE (Leotta et al. 2006a) . In this study, S. Newport and S. Enteritidis showed identical genomic profile by PFGE and RAPD-PCR within each serovar. Therefore, this could be indicating that these Antarctic bacteria were either subjected to low pressure from the environment or recently introduced to the area.
We demonstrated previously that Antarctic seabirds carried bacterial pathogens in their intestines (Leotta et al. 2006b ). Human activity in Antarctica has been identified as a possible source of infectious agents (SCAR 2001) . Birds carrying S. Newport and S. Enteritidis in their guts settled around lakes which are used to supply with fresh water for human; therefore, this could be a possible way of S. enterica transmission to the inhabitants. However, to our knowledge, there are no reports about zoonotic enteropathogens causing diseases in humans that live in the Antarctic region. S. enterica epidemiology in the Antarctic fauna and its possible transmission to humans and vice versa needs to be further investigated.
